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doi:10.1016/j.ejvs.2010.07.003Abstract Objective: Carotid endarterectomy (CEA) guidelines in symptomatic carotid
stenosis are based on NASCET and ECST criteria with 70% or greater carotid stenosis as esti-
mated from a catheter angiogram the major indication. This has several problems: (1) lack
of reliable correlation between non-invasive imaging and catheter angiography, which has
been largely superseded by non-invasive imaging in investigating carotid stenosis; (2) errors
inherent in estimating the degree of stenosis from catheter angiography; (3) disregard for
the fact that stroke risk also depends on plaque stability, and number of ischaemic events.
Methods: A retrospective review of ischaemic events, imaging results, operative findings,
surgical complications and stroke-free follow-up in 31 patients presenting over a 23 year period
with TIA/stroke (symptoms lasting > 24 h and/or imaging evidence of infarction) who had 70%
or less carotid stenosis (on non-invasive imaging), but nonetheless underwent CEA.
Results: Nineteen patients had small strokes, 7 had TIAs and 5 had ocular events; 28 patients
had features of unstable plaque on imaging; 19 patients experienced multiple events before
CEA. All had haemorrhagic, ruptured plaque at CEA. One patient suffered an intra-operative
stroke, only 1 patient suffered a further stroke/TIA (mean follow-up 4.2 years).
Conclusion: To predict the likelihood of major stroke in symptomatic carotid stenosis and the
benefit of CEA, plaque stability and the number of ischaemic events might be as important as
an estimate of the degree of stenosis.
ª 2010 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.9515 7565; fax: þ61 2 9515 7564.
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476 R.M. Ahmed et al.Current guidelines for carotid endarterectomy (CEA) in
symptomatic carotid stenosis are based on two randomised
controlled trials, the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) and the European Carotid
Surgery Trial (ECST), both from the 1990s.1e3 In both trials,
the degree of stenosis, estimated from a catheter angio-
gram, was the major criterion for recommending CEA.
According to these trials, the benefit from CEA is greatest in
patients with 70e99% stenosis with a 5-year absolute risk
reduction (ARR) of 15.3%, less, only 7.8% in those with
a 50e70% stenosis and minimal in those with < 50%
stenosis.1
Due to the emphasis of these guidelines on the degree of
stenosis, the possible assumption by physicians is that
carotid plaque causes ischaemic events by haemodynamic
compromise rather than by distal embolism. Basing
recommendations for CEA on these guidelines has the
following limitations: (a) non-invasive imaging such
as duplex ultrasound, computed tomography (CT) and
magnetic resonance (MR) angiography, has largely super-
seded catheter angiography to estimate the degree
of carotid stenosis;4 (b) there are significant differences
between the ESCT and the NASCET estimates of angio-
graphic stenosis;5 (c) there is poor correlation between
estimates of stenosis on catheter angiogram and on non-
invasive imaging; (d) low sensitivity of all current carotid
imaging methods to the structure and, therefore, the
behaviour of the carotid plaque. Clinicians unaware of
these limitations might faithfully follow the guidelines and
not recommend CEA in patients with a < 70% symptomatic
carotid stenosis.6 Here, we review 31 of our own patients
with < 70% symptomatic carotid stenosis (the majority, 25/
31, with a < 50% stenoses on NASCET criteria), who none-
theless underwent CEA, as each was considered to be at
high risk of stroke because of unstable plaque on non-
invasive imaging or because of multiple ischaemic events or
because of both.
Methods
We reviewed the records of 31 patients, of the 2 senior
authors GMH (neurologist) and JPH (vascular surgeon), who
underwent CEA from 1986 to 2009 at our tertiary referral
hospital where an estimated total 800 CEAs were performed
in the last 10 years. All 31 patients met the following
criteria:
 Recent small stroke or transient ischaemic attack (TIA)
with stroke defined as an acute neurological deficit
lasting longer than 24 h, or imaging evidence of
infarction or both, and TIA defined as an acute neuro-
logical deficit lasting less than 24 h without imaging
evidence of infarction.
 Carotid stenosis estimated as< 70%onduplex ultrasound
by the Zwiebel criteria (most closely correlated with the
ESCT method) (see Appendix 1) in 23 patients and by the
Australian Society for Ultrasound in Medicine criteria
(based on NASCET method) in seven patients (see
Appendix 1). Seven patients also had CTangiogram (CTA)
(1 had only CT), 5 patients had MR angiogram (1 had both
CT and MR); 14 patients catheter angiogram (degree of
stenosis estimated by the ESCT method). Unstable carotid plaque, defined here as soft, echolucent
orheterogenousplaqueonduplex imaging,or thrombusor
ulceration on CTor MR or catheter angiogram; ormultiple
ischaemic events with other sources of stroke excluded
(normal echocardiogram and cardiac monitoring for at
least 24 h to exclude paroxysmal atrial fibrillation).
Risk factors for stroke, and the use of anti-platelet
therapy before presenting symptomswere noted. All imaging
was reviewed and re-reported for degree of stenosis and
nature of plaque by an experienced vascular ultrasonogra-
pher (VM) or by a neuroradiologist. The appearance of the
plaque at CEA, immediate surgical complications and further
ischaemic events after CEA were also noted.
All patients underwent general anaesthesia for their
classical CEA with clamping of the internal carotid artery
(ICA) before the carotid bulb was dissected to minimise the
risk of intra-operative distal embolism. A shunt was not
routinely used and the endarterectomy was usually closed
with a Braun (polyurethane) patch. Anti-platelet agents
were not stopped for surgery.
Results
There were 27 males and 4 females, aged from 44 to 85
years. Risk factors for stroke were hypertension
(22 patients, all on treatment), hypercholesterolaemia
(15 patients on treatment), diabetes mellitus (3 patients on
treatment) and atrial fibrillation (1 patient). Before CEA, 1
patient had 4 ischaemic events, 6 patients had 3, 12
patients had 2 and 12 patients had only 1. The first, or in
patients with multiple events, the final ischaemic event
leading to CEA was a small stroke in 19 patients, TIA in 7
patients and ocular event (amaurosis fugax or retinal
infarction) in five patients. At the time of the first and only
ischaemic event or final ischaemic event in patients with
multiple events, 7 patients were taking no anti-platelet
drugs, 17 were taking aspirin, 1 aspirin and clopidogrel, and
1 clopidogrel only. Five patients were taking warfarin for
thrombo-embolism prophylaxis: 1 patient for atrial fibril-
lation, 3 patients for TIAs, and 1 patient for deep-vein
thrombosis; all had therapeutic international normalised
ratio (INR) levels between 2 and 3.
Thirty patients underwent duplex ultrasound with the
following degree of stenosis found: onAustralasian Society for
Ultrasound in Medicine criteria 50e70% (6 patients), < 50%
(1 patient); Zwiebel criteria 40e60% (18 patients), 20e40%
(3 patients) and< 20% (2 patients). Of the 31 patients, 28 had
features of unstable plaque (22/30 on ultrasound, 5/12 on CT
or MR angiogram and 7/14 on catheter angiogram).
Nineteen patients had their CEA within 2 weeks of their
last ischaemic event: 5 within 1 month and 7 within
2 months. At CEA, all 31 patients were found to have hae-
morrhagic, ulcerated carotid plaque. Complications
included: three patients returned to theatre for expanding
neck haematomas (all recovered fully); 1 patient experi-
enced an intra-operative stroke, but made a full recovery;
1 patient experienced a further stroke 11 months post-CEA,
due to restenosis from intimal hyperplasia. Stroke-free
follow-up ranged from 2 weeks to 20 years post-CEA, with
a mean of 4.2 years. See Table 1 for detailed imaging
results and plaque characteristics.
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Patient 1: An 82-year-old male (patient number 5 in
Table 1), experienced two episodes of right arm and leg
weakness (1 day apart, lasting 45 min each). CT angiogram
(Fig. 1(A)) showed soft plaque causing a 50% stenosis within
the left internal carotid artery (ICA). After exclusion of
other sources of stroke, the patient underwent catheter
angiography with a view to stenting the left ICA. Angiog-
raphy (Fig. 1 (B)) showed minimal left ICA plaque and the
stenting was aborted. The next day, the patient suffered
a third episode of similar symptoms that did not resolve.
MRI showed an embolic pattern of infarction in the left
middle cerebral artery territory (Fig. 1 (C)). Doppler
ultrasound (Fig. 1 (D)) showed soft mixed plaque in the
proximal ICA causing a 40e60% stenosis. Given the patient
had suffered recurrent events and Doppler ultrasound
suggested unstable plaque, 8 days following his first event
the patient had a CEA. At operation, a thrombus overlying
haemorrhagic plaque was found (Fig. 1 (E)). There have
been no further ischaemic events, 1 year after the CEA.
Comment: This demonstrates the discrepancies in
imaging modalities when estimating degree of carotid
stenosis. On catheter angiogram, still regarded by some as
the ‘gold standard’, the patient had such minimal disease
that stenting was abandoned. However, at CEA, an ulcer-
ated, haemorrhagic plaque was found. Had we relied only on
the estimated degree of stenosis on catheter angiography,
we would have failed to recognise the true risk of stroke in
this patient with unstable plaque and multiple events.
Patient 2: An 86-year-old female, presented elsewhere
with a 2-day history of mild left hemiparesis. Carotid
duplex showed soft echolucent plaque causing only
a 50e70% stenosis. A cardiac source of stroke was
excluded and the patient was commenced on aspirin and
atorvastatin and discharged home. Four days later she re-
presented with a dense left hemiparesis and neglect due
to a complete right middle cerebral embolic artery stroke
(dense right MCA seen on CT). Repeat Dopplers (Fig. 2)
again showed a 50e70% echolucent plaque, which was
thought to represent intra-plaque haemorrhage. She died
5 days later of aspiration pneumonia.
Comment: This demonstrates that patients with symp-
tomatic unstable plaque but ‘haemodynamically insignifi-
cant’ stenosis are nonetheless at risk of further major
ischaemic events due to embolism from an unstable plaque
and should be considered for urgent CEA. This patient had
a minor carotid stroke, but was not referred for CEA
because the stenosis was “only 50e70%.”Discussion
Recommending CEA in patients with symptomatic carotid
stenosis solely on the basis of current guidelines ignores
three potential problems: (1) the lack of reliable correla-
tion between the results of catheter angiography and of
non-invasive imaging, which has, in any case, largely
superseded catheter angiography in the investigation of
symptomatic carotid stenosis (2); the errors inherent in
estimating the degree of stenosis from catheter angiog-
raphy; and (3) the lack of a reliable method for assessing
carotid plaque stability.Problems of relating non-invasive to direct
angiographic stenosis estimates
There is no direct correlation of degree of stenosis as
measured on Doppler ultrasound to that measured
on catheter angiogram. Attempts to correlate duplex
(Zwiebel & Strandness) with angiographic estimates of
stenosis (NASCET and ESCT) suggest that each vascular
laboratory needs to calibrate its own duplex results against
the ‘gold-standard’ angiographic results.7,8 However, it is
no longer clear what really is the ‘gold standard’.9 Clini-
cians are often unaware of the method their laboratory
uses on non-invasive imaging to estimate the degree of
stenosis,9 or of the fact that there is no reliable correlation
of non-invasive imaging with catheter angiography.
Consequently they might rely on a barrier value of ‘70%
stenosis’ to consider referring patients for CEA and not ask
what ‘70% stenosis’ really means.
Further confusion arises when patients have multiple
non-invasive imaging techniques with differing estimates of
stenosis. Patients could, with one imaging modality, be in
the < 70% group and in the > 70% with another. The rela-
tionships between the different imaging modalities have
not been fully evaluated10 and various levels of reported
accuracy have created further confusion, with differing
practices between laboratories as to which measurement is
used to refer patients for CEA.11,12 While it might be
possible to combine estimates of stenosis on the different
imaging modalities to create an overall figure, such a figure
would be meaningless. How, for example, does a 40e60%
stenosis on duplex ultrasound using the Zwiebel method
relate to an estimate of 20% stenosis on a direct angiogram
using the ESCT method (see case 1).
Our study shows variation in estimates of stenosis
between imaging modalities: 22/31 patients had multiple
imaging modalities (14 had catheter angiogram, 12 CT or MR
angiogram and 30 duplex ultrasound), all showing < 70%
stenosis. If, however, the results are grouped as < 40% and
40e70% stenosis, 12 patients would be in different groups.
It has been suggested that non-invasive tests could replace
catheter angiography for > 70% stenosis but there is limited
data to determine their value with < 70% stenosis.13 Given
the variation in estimates of stenosis between differing
imaging modalities, a definitive cut-off based on
percentage stenosis seems arbitrary.
Problems estimating stenosis with catheter
angiography
To criticise estimates of carotid stenosis based on catheter
angiogram might seem outdated, but current clinical
guidelines1 are still based on these estimates. There was
a major difference in the method used to estimate the
degree of stenosis between the NASCET and ECST trials so
that a 70% ESCT stenosis equals only a 50% NASCET
stenosis.5 Data from the NASCET and ESCET trials have been
combined in pooled analysis14 but there are too many
variables between the protocols in the two studies to make
this a satisfactory strategy.15 In clinical practice, this
difference has been overlooked and an overriding figure of
70% is used when making decisions regarding individual
Table 1 Imaging results and plaque characteristics in 31 patients, correlated to events prior to CEA and stroke-free follow-up.
Patient Age
Sex
Event to
CEA (days)
Plaque morphology
on doppler
Doppler
Stenosis (%)
MRA/CTA stenosis
and appearance
Catheter
angiogram
Follow-up
(years)
4 events prior to CEA
1 85
M
O210 ND ND ND/ND ND 0.04 (lost to
follow-up)O180 ND ND ND/ND ND
T15 calcified 40e60 ND/ND < 20
T3 ND ND ND/ND ND
3 events prior to CEA
2 77
M
T 20 ND ND ND/ND ND 8.8
T 16 ND ND ND/ND ND
S 13 calcific < 20 40e60 thrombus/ND 60
3 69
M
O 458 NC < 20 ND/ND 50 10.9
O 260 NC < 20 ND/ND ND
S 41 soft 20e40 ND/ND ND
4 65
F
T 509 ND ND ND/ND ND 0.5
S 25 soft, irregular 40e60 ND/ND ND
S 1 soft irregular 40e60 ND/ND ND
5 82
M
S 8 ND ND ND/50 soft ND 1
S 7 ND ND ND/ND < 20
S 5 soft? irregular? smooth 40e60 ND/ND ND
6 69
M
T180 ND ND ND/ND ND 6.4
T64 ND ND ND/ND ND
T22 heterogenous 50 ND/ND < 40 ulcerated
7 57
M
T47 ND ND ND/ND ND 13.5
T47 ND ND ND/ND ND
S47 soft 70 ND/ND 50e60
2 events prior to CEA
8 82
M
S1970 heterogenous < 15 ND/ND ND 0.7
O54 heterogenous < 50 ND/ND ND
9 77
M
S8 soft, smooth 40e60 ND/30 irregular ND 1
S3 ND ND ND/ND ND
10 52
M
T10
T2
Soft
Soft, irregular
50
40e60
ND/ND
ND/ND
ND
ND
1
11 68
M
T5 calcific irregular 40e60 < 20 ulcerated/
60 ulcerated
ND 1
T1 ND ND ND/ND ND
12 78
F
O240 ND ND ND/ND ND NA
O30 NC 40e60 ND/ND < 40 ulcerated
13 64
M
S60 ND ND ND/ND ND 0.9
S30 heterogenous
irregular
40e60 ND/ND ND
14 82
F
O44 ND ND ND/ND ND NA
O7 NC 40e60 ND/ND 20
15 67
M
O42 NC 40e60 ND/ND 70 deep fissure 20
O42 ND ND ND/ND ND
16 59
M
T 45 soft, smooth 40e60 ND/< 40 ND 1.3
T 3 ND ND ND/ND ND
17 70
M
T730 ND ND ND/ND ND NA
T14 Soft 50e60 ND/ND 60 ulcerated
18 82
M
T 1226 calcific < 20 ND/ND ND 0.5
S7 heterogenous 50e69 50/ND ND
19 72
M
S4 hetrogenous 50e69 40e60/ND ND 0.5
T0 ND ND ND/ND ND
1 event prior to CEA
20 62
M
S9 soft?smooth?irregular < 20 70/ND 60 thrombus 8.2
21 78
M
S3 calcific mobile 20e40 ND/ND ND 5
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Table 1 (continued )
Patient Age
Sex
Event to
CEA (days)
Plaque morphology
on doppler
Doppler
Stenosis (%)
MRA/CTA stenosis
and appearance
Catheter
angiogram
Follow-up
(years)
22 66
M
S2 soft smooth 20e40 ND/ND ND 1
23 70
M
S1 heterogenous 40e60 NM/ND ND 1.4
24 67
M
S8 heterogenous
irregular
40e60 ND/ND 60 thrombus 9
25 70
M
S4 soft irregular 40e60 ND/30 ulcerated ND 0.9
26 80
M
T20 heterogenous 40e60 ND/70 calcified ND 3
27 82
F
S67 soft 40e60 ND/ND ND 5
28 44
M
S36 NC 40e60 ND/ND 40e60 thrombus 2.3
29 79
M
S23 soft 50e70 ND/ND ND 4.2
30 63
M
O65 soft 60 ND/ND 50 calcific NA
31 79
M
S2 ND ND ND/67 ND 1.3
S Z stroke; T Z TIA; O Z ocular symptom; Image results (estimated degree of stenosis) with plaque characteristics for duplex
ultrasound, CTA, MRA and catheter angiogram; NM Z normal; NC Z no comment; ND Z not done; NA Z not available.
Carotid Endarterectomy for Carotid Stenosis 479patients. We believe that this has resulted from clinicians
not understanding the intricacies of carotid imaging.
Specialist vascular surgeons will be more aware of these
and, thus, the criteria for recommending CEA will vary
between surgeons and physicians.
Furthermore, the value of standard catheter angiog-
raphy is limited, as it usually only provides two views,
antero-posterior and lateral, which may not reflect the real
degree of stenosis, due to lack of a transverse view (Fig. 3),
and it rarely gives information about plaque structure and
stability.16
Problems assessing plaque stability
Unstable plaque, particularly after intra-plaque haemor-
rhage, is an independent risk factor for ischaemic
stroke.17,18 ECST suggests that there are seven significant
variables for recurrent ipsilateral carotid territory major
ischaemic stroke, including the degree of stenosis, numberFigure 1 Case 1 CT angiogram showing 50% stenosis and soft
a minimal stenosis (B); Diffusion-weighted MRI showing multiple sm
showing 40-60% stenosis with soft plaque (CCA= common carotid arte
surface, large stem arrows show vessel wall) (D); Hemorrhagic plaof events within the past 3 months and plaque surface
irregularity.19 In practice, the number of events and char-
acteristics of the plaque are often ignored and an estimate
of the stenosis is the only factor used in decision making.
Carotid ultrasound can be used to assess plaque struc-
ture:20 echolucent plaques are haemorrhagic and fatty at
CEA21 and are more likely to be unstable and symptom-
atic.22,23 Heterogenous plaque regardless of the degree of
stenosis is also correlated with ischaemic events.24 Plaque
surface irregularity and ulceration are associated with
increased risk of ipsilateral ischaemic stroke.25 Unfortu-
nately, no imaging modality can exclude ulceration21,26,27
and the ability of the different imaging modalities to
detect ulceration and correlate this with histopathology
ranges between 45% and 75%.28
In our 31 patients with < 70% stenosis, the need for CEA
was validated by finding ruptured, ulcerated, and hae-
morrhagic plaques at CEA. The fact that the patients had no
further ischaemic events supports the hypothesis that theirplaque (A); Catheter angiogram (lateral projection) showing
all middle cerebral artery territory infarcts(C); Carotid duplex
ry, ICA= internal carotid artery. small stem arrows show plaque
que found at operation (E).
Figure 2 Carotid duplex (Case 2) showing 50e70% stenosis
with echolucent plaque (arrowed and outlined), thought to
represent intra-plaque hemorrhage. (ICA Z internal carotid
artery, ECA Z external carotid artery).
480 R.M. Ahmed et al.events were due to embolism from the plaque. One limi-
tation of our study might be the lack of histopathological
results of the plaques. Nonetheless, macroscopic plaque
ulceration, as seen at CEA, is associated with ischaemic
events,29,30 and there is, in symptomatic plaques,29,30 an
increased incidence of intra-plaque haemorrhage, which
rarely occurs without ulceration.28
Our study suggests that relying only or even largely on the
degree of stenosis when referring patients with symptomatic
carotid stenosis for CEA is inadequate: it overvalues hypo-
perfusion and undervalues embolism as themechanism of the
ischaemic events. Embolism from unstable plaque is the
major mechanism of stroke in carotid atherosclerosis.31e33
Stroke is more likely to be due to embolism rather than
hypoperfusion even in patients with > 70% carotid
stenosis,31,34,35 and the risk of strokemay be lower in patients
with > 90% stenosis due to post-stenotic narrowing in the
distal ICA artery, which reduces flow and risk of embolism.36Figure 3 Catheter angiogram Stenosis on lateral projection of cat
estimated to be 70%. Plaque removed at CEA was ulcerated and hEven in patients with chronic total carotid occlusion, ischae-
mic events are more likely to occur due to embolism from
external carotid artery plaque than from hypoperfusion.37
The number of ischaemic events, as found in ESCT, is
also a risk factor for further stroke.19 Of our 31 patients, 19
had multiple ischaemic events. With the current limitations
in carotid and plaque imaging, the most powerful predictor
of a high-risk atherosclerotic plaque is a recent ischaemic
event.38 Some of the patients had events months to years
before the index event leading to CEA, suggesting that
unstable carotid plaque can continue to be symptomatic.
All the patients, who suffered multiple events, were on
anti-platelet treatment at the time of the index event
leading to CEA.
While we cannot retrieve statistical data on the outcome
in our patients with symptomatic < 70% carotid stenosis
who did not have CEA, case 2 illustrates what can occur.
It is imperative that patients with unstable plaque
undergo CEA as soon as possible after an ischaemic event.
One patient (patient 10) in our study with a 40e60% stenosis
and unstable plaque suffered an intra-operative stroke
after experiencing two events (TIA and the stroke) over an
8-day period whilst on aspirin therapy. CEA was performed
2 days after the last event and resulted in operative stroke.
We feel that if the patient had been referred to surgery
after the first event on the basis of unstable plaque rather
than denied surgery on the basis of an ‘insignificant
stenosis’, this may not have occurred.
In patients with ‘haemodynamically significant’ carotid
stenosis ‘best medical management’ offers a relative risk
reduction of 80%, while an additional CEA increases this to
94%.39 Why then should patients with ‘haemodynamically
insignificant’ carotid stenosis be offered only best medical
management?40 We propose that CEA performed on the basis
of plaque morphology might offer a similar (94%) risk
reduction, as it is the behaviour of the plaque that predicts
further stroke. Prospective studies with accurate non-inva-
sive carotid plaque imaging are required to fully evaluate this
proposition. There is an emerging field examining molecular
mechanisms such as CRP41 to determine future risk of stroke
and plaque stability, and functional imaging to determineheter angiogram (A) appears to be less than 50%, but on MRI was
aemorrhagic (B).
Carotid Endarterectomy for Carotid Stenosis 481plaque morphology and not just the degree of stenosis to aid
in the decision making for individual patients.28
The NASCET and ESCT trials provide important informa-
tion to guide clinicians and patients about the risks and
benefits of CEA, but they are based on catheter angiog-
raphy, which is now rarely used. The current guidelines
should not be considered as strict protocols to be slavishly
followed ignoring the individual characteristics of a patient
and his/her carotid plaque. The nature of the plaque in
predicting the risk of further stroke and the limitations of
carotid stenosis imaging are not new concepts, but they are
often overlooked in clinical practice and decisions are
made solely on degree of stenosis.
A stenosis of less than 70% should not disqualify a patient
from consideration for CEA. A patient, who has had one or
more carotid territory ischaemic event, and is found to
have a potentially unstable carotid plaque, should be
considered for CEA regardless of the degree of stenosis.
While one could suggest prospective trials using non-
invasive imagingandplaque stability asdeterminants forCEA,
given the current limitations of plaque imaging techniques,
this will not solve the problem. Until there are improvements
in plaque imaging, there will remain an inevitable element of
uncertainty and the need for clinical judgement.Acknowledgements
Ultrasound: Alison Burnett, Kath Kovach; Data processing:
Trang Le; Neuroradiology: Dr Mark Wilkinson.
Conflict of Interest
None.
Ethics
Retrospective review of case files. Ethics not required by
authors’ institution.
Appendix
Supplementary material
Supplementary material associated with this article can
be found in the online version, at doi:10.1016/j.ejvs.2010.
07.003.
References
1 Chaturvedi S, Bruno A, Feasby T, Holloway R, Benavente O,
Cohen SN, et al. Carotid endarterectomy-An evidence based
review: report of the therapeutics and technology assessment
subcommittee of the American Academy of Neurology.
Neurology 2005;65:794e801.
2 North American Symptomatic Carotid Endarterectomy Trial
Collaborators. Beneficial effect of carotid endarterectomy in
symptomatic patients with high grade stenosis. N Engl J Med
1991;325:445e53.
3 European Carotid Surgery Trialists’ Colloborative Group. Rand-
omised trial of endarterectomy for recently symptomaticcarotid stenosis: final results of the MRC European Carotid
Surgery Trial (ECST). Lancet 1998;351:1379e87.
4 Osarumwense D, Pararajasingam R, Wilson P, Abraham J,
Walker SR. Carotid artery imaging in theUnited Kingdom: a postal
questionnaire of current practice. Vascular 2005;13:173e7.
5 Rothwell PM, Gibson RJ, Slattery J, Sellar RJ, Warlow CP.
Equivalence of measurements of carotid stenosis. A comparison
of three methods on 1001 angiograms. Stroke 1994;25:2435e9.
6 Brittenden J, Murie JA, Jenkins M, Ruckley CV, Bradbury AW.
Carotid endartrectomy before and after publication of
randomized controlled trials. Br J Surg 1999;86:206e10.
7 Neale ML, Chambers JL, Kelly AT, Connard S, Lawton MA,
Roche J, et al. Reappraisal of duplex criteria to assess signifi-
cant carotid stenosis with special reference to reports from the
North American symptomatic carotid endarterectomy trial and
the European carotid surgery trial. J Vasc Surg 1994;20:642e9.
8 Staikov IN, Arnold M, Mattle HP, Remonda L, Sturzenegger M,
Baumgartner RW, et al. Comparison of the ECST, CC and NASCET
grading methods and ultrasound for assessing carotid stenosis.
J Neurol 2000;247:681e6.
9 Walker J, Naylor AR. Ultrasound based measurement of ‘carotid
stenosis >70%’: An audit of UK practice. Eur J Vasc Endovasc
Surg 2006;31:487e90.
10 U-King-Im JM, Young V, Gillard JH. Carotid artery imaging in the
diagnosis and management of patients at risk of stroke. Lancet
2009;8:569e80.
11 Dawson DL, Roseberry CA, Fujitani RM. Preoperative testing
before carotid endarterectomy: a survey of vascular surgeons’
attitudes. Ann Vasc Surg 1997;11:264e72.
12 Long A, Lepoutre A, Corbillon E, Branchereau A, Kretz JG.
Modalities of preoperative imaging of the internal carotid artery
used in France. Ann Vasc Surg 2002;16:261e5.
13 Wardlaw JM, Chappell FM, Best JJK, Wartolowska K, Berry E.
Non-invasive imaging compared with intra-arterial angiography
in the diagnosis of symptomatic carotid stenosis:a meta-anal-
ysis. Lancet 2006;367:1503e12.
14 Rothwell PM, Eliasziw M, Gutnikov SA, Fox AJ, Taylor DW,
Mayberg MR, et al. Analysis of pooled data from the randomised
controlled trials of endaterectomy for symptomatic carotid
stenosis. Lancet 2003;361:107e16.
15 Barnett HJM. Reflections on the carotid artery: 438 BC to 2009
AD: The Karolinska 2008 award lecture in stroke research.
Stroke 2009;40:3143e8.
16 Xian PM, Saloner D, Reilly LM. Assessment of carotid artery
stenosis by ultrasonography, conventional angiopgraphy, and
magnetic resonance angiography: Correlation with ex vivo
measurement of plaque stenosis. J Vasc Surg 1995;21:82e9.
17 Imparato AM, Riles T, Mintzer R, Bauman FG. The importance of
haemorrhage in the relationship between gross morphologic
characteristics and cerebral symptoms in 376 carotid artery
plaques. Ann Surg 1983;197:195e203.
18 Gao P, Chen ZQ, Bao YH, Jiao LQ, Ling F. Correlation between
intraplaque hemorrhage and clinical symptoms: Systematic
review of observational studies. Stroke 2007;38:2382e90.
19 Rothwell PM, Warlow CPon behalf of ECST collaborative group.
Prediction of benefit from carotid endarterectomy in individual
patients: a risk modelling study. Lancet 1999;353:2105e10.
20 Geroulakos G, Hobson W, Nicolaides A. Ultrasonographic carotid
plaque morphology in predicting stroke risk. Br J Surg 1996;83:
582e7.
21 Snow M, Ben- Sassi A, Winter RK, Verghese A, Hibberd R,
Saad RA, et al. Can carotid ultrasound predict plaque histopa-
thology? J Cardiovasc Surg 2007;48:299e303.
22 Bock RW, Gray-Weal AC, Mock PA, App Stats M, Robinson DA,
Irwig L, et al. The natural history of asymptomatic carotid
artery disease. J Vasc Surg 1993;17:160e9.
23 Grogan J, Shaalan WE, Cheng H, Gewertz B, Desai T,
Schwarze G, et al. B mode ultrasonographic characterization of
482 R.M. Ahmed et al.carotid atherosclerotic plaques in symptomatic and asymp-
tomatic patients. J Vasc Surg 2005;42:435e41.
24 AbuRahma AF, Wulu JT, Crotty B. Carotid plaque ultrasonic
heterogeneity and severity of stenosis. Stroke 2002;33:1772e5.
25 Rothwell PM, Warlow CP. Interrelation between plaque surface
morphology and degree of stenosis on carotid angiograms and
the risk of ischaemic stroke in patients with symptomatic
carotid stenosis. Stroke 2000;31:615e21.
26 Eikelboom BC, Riles TR, Mintzer R, Baumann FG, DeFillip G,
Lin J, et al. Inaccuracy of angiography in the diagnosis of
carotid ulceration. Stroke 1983;14:882e5.
27 De Weert TT, Cretier S, Groen HC. Atherosclerotic plaque
surface morphology in the carotid bifurcation assessed with
multidetector computed tomography angiography. Stroke 2009;
40:1334e40.
28 Hermus L, Van Dam GM, Zeebregts CJ. Advanced carotid plaque
imaging. Eur J Vasc Endovasc Surg 2010;39:125e33.
29 Ballotta E, Da Glau G, Renon L. Carotid plaque gross morpho-
logyand clinical presentation. A prospective studyof 457 carotid
specimens. J Surg Res 2000;89:78e84.
30 Park AE, McCarthy WJ, Pearce WH, Matsumura S, Yao JST.
Carotid morphology correlates with presenting symptomology.
J Vasc Surg 1998;27:872e9.
31 Pressin MS, Hinton RC, Davis KR, Duncan GW, Roberson GH,
Ackerman RH, et al. Mechanism of acute carotid stroke. Ann
Neurol 1979;6:245e52.
32 Shi ZS, Feng L, He X, Ishii A, Goldstine J, Vinters HV, et al.
Vulnerable plaque in a swine model of carotid atherosclerosis.
Am J Neuroradiol 2009;30:469e72.33 Kolodgie FD, Gold HK, Burke AP, Fowler DR, Kruth HS,
Weber DK, et al. Intraplaque hemorrhage and progression of
coronary atheroma. N Engl J Med 2003;349:2316e25.
34 Derdeyn CP. Mechanism of ischaemic stroke secondary to large
artery atherosclerotic disease. Neuroimaging Clin N Am 2007;
17:303e11.
35 Kang DW, Chu K, Ko SB. Lesion patterns and mechanism of
ischaemia in internal carotid artery disease. A diffusion
weighted imaging study. Arch Neurol 2002;59:1577e82.
36 Rothwell PM, Warlow CP. Low risk of ischaemic stroke in
patients with reduced internal carotid artery lumen diameter
distal to severe symptomatic carotid stenosis. Cerebral
protection due to low poststenotic flow. Stroke 2000;31:
622e30.
37 Countee RW, Vijayanathan T. External carotid artery in internal
carotid artery occlusion. Angiographic, therapeutic, and prog-
nostic considerations. Stroke 1979;10:450e60.
38 Golledge J, Siew DA. Identifying the ‘high risk’ plaque: Is it
a riddle still wrapped up in a enigma? Eur J Vasc Endovasc Surg
2008;35:2e8.
39 Hackman DG, Spence D. Combining multiple approaches for the
secondary prevention of vascular events after stroke. A quan-
titative modelling study. Stroke 2007;38:1881e5.
40 Donnan G, Fisher M, Macleod M, Davis SM. Stroke. Lancet 2008;
371:1612e23.
41 Krupinski J, Turu MM, Slevin M, Martinez-Gonzalez J.
Carotid plaque, stroke pathogenesis, and crp: treatment of
ischemic stroke. Curr Treat Options Cardiovasc Med 2007;
9:229e35.
